Equilibrium constants and enthalpy changes for reactions catalyzed by the isomerase and ligase classes of enzymes have been compiled. For each reaction the following information is given: the reference for the data; the reaction studied; the name of the cnzymc used and its Enzyme Commission number; the method of measurement; the conditions of measurement (temperature, pH, ionic strength, and the buffer(s) and cofactor(s) used); the data and an evaluation of it; and, sometimes, commentary on the data and on any corrections which have been applied to it or any calculations for which the data have been used. The data from 176 references have been examined and evaluated. Chemical Abstract Service registry numbers are given for the substances involved in these various reactions. There is a cross reference between the substances and the Enzyme CulllIllis~iull llulllbcas of the enzymcs uscd to catalyze the reactions in which the substances participate.
Introduction
This paper completes a series of reviews l -4 on the thermodynamics of enzyme-catalyzed reactions. The first four reviews dealt with the thermodynamics of the reactions catalyzed by the oxidoreductases, transferases, hydroiases, and lyases. These are the first four classes of enzymes classified by the Nomenclature Committee of the International Union of Biochemistry.5 In the current review a critical compilation of thermodynamic data is provided for the reactions catalyzed by the fifth and sixth classes of enzymes-the isomerases and the ligases. These reactions play significant roles in many biological processes such as glycolysis, the anabolism and catabolism of carbohydrates, fermentation, and vision. Several of these reactions are also of current or potential importance for the production of bulk commodity du:mkals SUl:h as ~thanul amI [rul:tus~. Th~ data presented herein are limited to equilibrium and calorimetric measurements performed on these reactions under in vitro conditions. Thus, the thermodynamic quantities which are generally given are apparent equilibrium constants K' and calorimetrically determined enthalpies of reaction Ll/l(cal). Apparent equilibrium constants calculated from kinetic data are also tabulated. If the change in binding of the hydrogen ion LlrLV(H+) in a biochemical reaction is known, the standard transformed enthalpy of reaction Ll/l'o can be calculated from the calorimetrically determined enthalpy of reaction. 6 Equilibrium constants K and standard molar enthalpies of reaction Ll;r for chemical reference reactions are also given if they have been reported in the literature. The standard transformed enthalpy of reaction Ll/f' 0 can be used to calculate the temperature dependence of apparent equilibrium constants K' in the same way that the standard enthalpy of reaction .6.;.[0 is used to calculate the temperature depen dence of the equilibrium constant K.
The data are presented in the same format as in Parts 1 to 4. 1 -4 Thus, the following information is given for each entry in this review: the reference for the data; the biochemical reaction studied; the name of the enzyme used and its Enzyme Commission number; the method of measurement; the conditions of measurement (temperature, pH, ionic strength, and the buffer(s) and cofactor(s) used); the data and an evaluation of it; and. sometimes, commentary on the data and on anv corrections which have been applied to it or any calculations for which the data have been used. The absence of a piece of information indicates that it was not found in the paper cited. The arrangement of the data, its evaluation, and the thermodynamic conventions have been discussed previously.1 In this regard one should note that equilibrium constants should be expressed as dimensionless quantities. However, the numerical value obtained for the equilibrium constant of an unsymmetrical reaction will depend upon the measure of composition and standard concentration selected for the reactants and products. Thus, for the chemical reaction A(aq) =B(aq) +C(aq), Here, c, m, and x are, respectively, concentration, molality, and mole fraction, CO = 1 mol dm -3 , and m 0 = 1 mol kg -1. The eqUilibrium constant expressed in terms of mole fractions is automatically dimensionless. Similar definitions and considerations apply to the apparent equilibrium cumslanl K'. Tht: symbuls ust:u ill this rt:vit:w art: given in the Glossary (see Section 7). The subjective evaluation of the data in this review consisted of the assignment of a rating: A (high quality), B (good), C (average), or D (low quality): In making these assignments we considered the various experimental details which were provided in the study. These details include the method of measurement, the number of data points determined, and the extent to which the effects of varying temperature, pH, and ionic strength were investigated. A low rllting Wll~ g~Of~rlllly giv~n wh~n f~w ciP.tlli)~ of the investigation were reported. For example, in many of the papers cited, the major aim of the study was the isolation and purification of the enzyme of interest. Thus, the equilibrium data were obtained as only a small part of an investigation to characterize many of the properties of that enzyme and the reaction it catalyzes.
This effort began several years ago with an extensive search of the literature to locate the papers containing the relevant data. This search was based on a carefully designed computer search of Chemical Abstracts, a manual search of Methods in Enzymology, and the examination of references found in earlier reviews that dealt with the thermodynamics of enzyme-catalyzed reactions. 7 -18 The references obtained from these sources were in turn examined for additiollal 1 derences relevant to this effort. The authors would be most grateful if references that contain data on the thermodynamics of enzyme-catalyzed reactions that were not included in these reviews were brought to their attention.
This effort has been given additional impetus by the recent completion of the IUBMB-IUPAC document "Recommendations for Nomenclature and Tables in Biochemical  Thermodynamics . ,,19 The work described in this review paper has also been accepted by the Thermodynamics Commission (1.2) and by the Steering Committee on Biophysical Chemistry of IUPAC as a project of particular timeliness and importance. The project has therefore been conducted under the auspices of these bodies, has been endorsed by them, and has been written to be consistent with recommended IUPAC nomenclature.
Acknowledgments
We thank Drs. Ellen Anderson and Edgar Etz for their assistance with the papers written in German and Drs. Mikhail V. Rekharsky 
References for the Introductory Discussion

6R.
A. Alberty and R. N. Goldberg, Biophys. Chern. 47, 213 (1993 The apparent equilibrium constant given here was calculated from the percentages of these isomers present at equilibrium as given by Wurster and Hess. The apparent equilibrium consteant given here was calculated from the percentages of the reactant and product at equilibrium. 
Enzyme
K'
"""0.05
The apparent equilibrium constant given here refers to the reaction that occurs under dim red light. These measurements were performed in the absence of buffers but near pH = 7.0. From the temperature dependence of the apparent equilibrium constant we calculate ~,H'c (T=318 K, pH=7)=2 kJ mor-l . The results obtained by direct measurement of K' were ~enerally in agreement with results obtained from kinetic data. TWo series of measurements were done; one used an enzymatic assay method and the second used NMR. Fructose-bisphosphate aldolase (EC 4.1.2.13) was also present. These measurements were performed in the absence of a buffer but near pH=7. From the temperature dependence of the apparent equilibrium constant we Reference: 53COH Method: spectrophotometry Buffer: glyclgJycine (C).I mol dm -3) pH: 6.0-8.0 Evaluation: C
Enzyme
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calculate 6./1'0 (1'=318 K, pH=7)=50 kJ mol-1 .
K'
""'0.18
The approximate value of the apparent equilibrium constant given here was calculated from percent conversion data. Also see data given under EC 5.3.1A. 1.00 1.08 1.1-1-
1.21
Few details were given in thi~ ~tudy. From the temperature dependence of the apparent equilibrium constant we calculate ::.;r' 0 (T =:; 302 K. Cofactor ( The apparent equilibrium constant given here was calculated from the percent conversion data given by Hochster and Watson. The same result was also reported bv f54HOC/WAT]. The values of the apparent equilibrium constant given here were obtained from Olivier and du Toits' Fig. 9 that contains percent conversion data as a function of temperature. Oliver and du Toit also calculated j,1l'" (T =330 K. pH=7J))=20.2 kJ mor-I for the above reaction. Method: chromatography and spectrophotometry pH: 7.0 Evaluation: C
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K'
""0.59
The apparent equilibrium constant given here was calculated from the percent conversion data given by Dickens and Williamson. This is an approximate result. The values of the apparent equilibrium constants given here were taken from Dyson and Noltmann's Fig. 13 . From the temperature dependence of the apparent equilibrium constant we calculate il/l'O(T=298 K, pH=8.5, 1,;=0.12 mol dm-3 )= 11.8 kJ mol-1 and <1 r C;o""S9 J K-1 mol-I. Dysan
and Noitmann also reported that the apparent equihbnum constant at T=303.15 K was independent of pH for 6.0~pH~1O.0.
D-glucose 6-phosphatd aq)= D-fructose 6-phosphate(aq) The apparent equilibrium constants given here were calculated from the percent conversion data given by Ashwell et al. The apparent equilibrium constant given here was calculated from the percent conversion data given by Ashwell et al. They also state that, in borate buffer at T=31O.15 K and pH=8.0, more than 98 percent of the D-glucuronate was converted to D-fructuronate and that the reverse reaction could not be detected. This indicates that, under these conditions, a different reaction has occurred. . The apparent equilibrium constant given here was calculated from the percent conversion data given by Domagk and Zech. The apparent equilibrium constant given here was calculated from the percent conversion data given by May and Anderson. Also see data given under EC 5.3.l.7.
Enzyme
=6.7
The value of the apparent equilibrium constant given here was calculated from percent conversion data. The approximate values of the apparent equilibrium constant given here were calculated from percent conversion data. The buffer and tl:Je pH used were not reported. The apparent equilibrium constant was also obtained from kinetic data. There was good agreement wIth the direct measurement. The convention used for carbon dioxide in the overall biochemical reaction is that one mole of that substance contains one mole Of water.
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Wood et al. also calculated K(T=298.15 K, Ic=O.1 mol dm-3 )=1.4E-6 for the chemical reference reaction: ATP"-(aq)+pyruvate-(aq)+HC03"(aq) =ADp3-(aq) +HPO~-(aq)+oxaloacetate2-(aq)+H+(aq). mol dm -3 to obtain the apparent equilibrium constant given here. We hav€ assumed that this calculated concentration is equal to the sum of the concentrations of the species COiaq). HC03"(aq). and CO~-(aq)_ The term carbon dioxide (aq) in the overall biochemical reaction represents th( total amounts of these three species in solution; the convention used is that one mole of carbon dioxide contains one mole of water. 
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